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Cooler - Synchrotron COSY 

10 m - 



The EDiDA Experiment 

Fast polarization 
measurements 
during the 
acceleration cycle 

Cut-Away View of the EDDA Detector 



Spin motion / Depolarization 
- ThomasYBBdT equation : 

Vertical bending field : 
-> vertical ]polarization is preserved 

fl -> number (of spin rotations per turn: 

- Depolarizing resonances : 

1.) imperfection: fl = k3; k : integer 

-- correcting dipoles 
- partial snake 

2.) intrinsic : = klP k VY r : super periodicity - 
iiY : working point 

-,tune jump 
- at* c l ip tr l e  

- Siberian sniakes : 

<5GeV: 
> 10 GkV : Dipoles 



Siberian Snake 
Vmtkral &is (bending field): 2n; yG 

6 = 180° Horizontal axis (snake): 

- Magnetic fields 

1.) Dipole: 
( >  1OGeV) 

2.) Solenoid: 
( e 5 G e V )  

- Spin motion: 
Snake 

180 * 

1.) Spin tune half integer 
2.) Invariant spin axis horizontal 



Depolarizing resonances at COSY 



Depolarizing Resonances 
as a Function of Tune 

DepolPxizhg Resonances 
htrinsk P4, P=2, P=I; red: hperfection 
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Matching Intrinsic Spin Harmonics 

Lattice 

Simulations 

0 20 40 60 80 100 
en'hancement of focusing strength (%) 



Matching Ilntrinsic Spin Harmonics 

Resulk for yG = 0 + V, 

-1++ 
1000 1500 2000 2500 3000 

momentum [MeWc] 

A. Lehlrach et al., Matching Intrinsic Spin Harmonics at COSY, 
2gIMA 439,26-30(2000) 



Effect of Synchrotron Motion 

y G = 2  1 
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Enhancement of resonance strength 
for adiabatic spin flip ! 
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- Res oin anc e crossing 
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Fast tune jump 
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Status of the polarized 
Droton beam 
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0 

0 

0 

momentum: 
1.0 und 1.7 GeV/c 

EDDAwasneeded 
to measure the 00 

momentum vs .  time in cycle 

Gymnastics 
(for the polarized beam 

absolut polarizatlon 

tim le at APJKE) 

cycle Mme I Ins I 

Required 

Mimimimum Solution: two identical 
momentum f0:r Pol. cycles with a global 
Measurements at momentum jump with 
EDDA: different flat top times 

1.3 GeVlc 



Polarized Deuterons 
PoIarization states: 

Vector polarization:: 

Tensor polarization: 

Gyro magnetic anomaly: 

Spin tune: 

Depolarizing resonainces: 

(2S+1) + 3 states for Spin I 

Pz = fn+-n-) / (n++n_+n(,) 

pzmax - - =tl 

P, = ( 1  -3 no) / (n++n-+no) 

pzzmax - - 1, -2 

Gp / Gd = - I  2.6 

Yp Gp / Y d  Gd= -25.2 

1 3 (low energies) to 25 (high energies) 

times weaker 

25 times further apart 

Isolated resonance crossing: different for vector and 
tensor polarization 

Theoretically: 

H. Huang, S.Y. Lee, L. Ratner, The Evolution of Tensor Polarization 
H. Huang, S.Y. Lee, L. Ratner, Transfer matrices of spin tensor polarization with and 
without snake, Proc. of Part. .Acc. Conf. p.432, (1993) 

Experimentally: 
V. S. Morozov , Spin Flipping and Polarization Lifetimes of a 270 MeV Deuteron Beam, 
Talk at this conference 



Status of the polarized 
deuterons beam 

Source has delivered yectot- and tensor polarized beams 

Acceleration 40 maximum energy: 2 * 1 0 ' ' 
Next beam time: February 2003 

particles 

Depolarizing resonances at COSY 
____ 

Depolarizing resonances for deuterons 
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- Siberian Snake 
Solenoid magnet: B,,,] dlS(,, = 12.8 Tm 

- Without coupling 

length(cm) 45 45 260 45 45 
25 35 35 25 

field(T/m) 34.2 -322 
field (T) 
angle(0) 21.5 15.2 

4.9 
-322 34.2 

21.5 15.2 

- Spin preparation at injection 

COSY 

Solenoid magnets: f Bsol dlso, = 0.48 Tni, 0.20 Tni 



- Siberian Snake 

- Spin preparation at injection 
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Spin 1R0tator (external) 

Solenoid Dipole Solenoid Dipole 

iJ \ 
\ 

- spin (cms): el, 829 03, e 4  

conditions for 8 = - 0 4: 

(1)) COS e3  = -(cot e2l2 
(2) tarn e l  =cot e3/Cos e2  

dipole bending angle 02, 8 = 20.6;": 

P (GeVC) e l  (") 0 2  (") 03 ("1 0 4  ("1 
0.65 -90 45 180 -45 
2.1 0 90 90 -90 
3.3 90 135 180 -135 



New Injector 

21.11.01 17:34 

COSY+old+new-injector .doc 



- Lipac unit cell 

Quad ru po 1 e ni a gn e! - t s : 

Aperture 38 mm, length 125 mm .-) g,, 5 45 T/m 
Drift between quads 130 mm 



9 Fo rsc h u n g szen t r ti m J u I i c h 

Conclusion 
- Polarized proton beam 

Routinelv d operation 
High polarization, low intensity 

-f Ne!w sc Injector Linac 

- Polarized deuteron beam 

Vector and Tensor polarisation 
Beam time next February 

- Siberian Snake, Spin Flipper 
Not Funded yet 

- New Injector Linac 
Funded, first beam planned in 2005 


